Cell cycle kinetics of aerated, hypoxic and re-aerated cells in vitro using flow cytometric determination of cellular DNA and incorporated bromodeoxyuridine.
The effects of extreme hypoxia on cell cycle progression were studied by simultaneous determination of DNA and bromodeoxyuridine (BrdU) contents of individual cells. V79-379A cells were pulse-labelled with BrdU (1 microM, 20 min, 37 degrees C) and then incubated for up to 12 hr in BrdU-free medium under either aerated or extremely hypoxic conditions. After the incubation interval (0-12 hr), the cells were trypsinized and fixed in 50% EtOH. Propidium iodide and a fluorescein-labelled monoclonal antibody to BrdU were then used to quantify DNA content and incorporated BrdU, respectively. Measurements in individual cells were made by simultaneous detection of green and red fluorescence upon excitation at 488 nm using flow cytometry. Bivariate analysis revealed progression of BrdU-labelled cells in aerated cultures out of S phase, into G2 and cell division, with halving of mean fluorescence, and back into S phase by approximately 9 hr after the BrdU pulse. Hypoxia immediately arrested cells in all phases of the cell cycle. Both the DNA distribution and the bivariate profile of cells that were fixed from 2 to 12 hr after induction of hypoxia were identical to the 0 hr controls. The percent of cells with green fluorescence in a mid-S phase window remained 100% and the mean fluorescence of these cells remained at control (0 hr) levels. This indicates that, under hypoxic conditions, cells were moving neither into nor out of S phase. Cultures that had been hypoxic for 12 hr exhibited an increasing rate of BrdU uptake with time after re-aeration. Re-aerated cells were able to complete or initiate DNA synthesis, but their rates of progression through the cell cycle were markedly reduced. A large fraction of cells appeared unable to divide up to 12 hr following release from hypoxia.